Laryngological Session
Respiratory Units: Intermittent Positive Pressure Respiration: Tracheostomy [Abridged] Dr J M K Spalding (The Radcliffe Infirmary, Oxford) Ten years ago Professor Crampton Smith and I addressed this Section on a somewhat similar theme (Smith & Spalding 1955) , and I try here to cover various aspects of the care of the patient who requires a tracheostomy for artificial respiration, and in particular to refer to those features which have changed since 1955.
Criteriafor Artificial Respiration
If the patient is developing a paralysing disease, such as acute polyneuritis or myasthenia gravis, and his lungs are normal, serial records of the vital capacity are valuable in assessing the progress of the disease and forecasting the need for artificial respiration. In such diseases, if the vital capacity falls to about a quarter of normal, it is essential to make sure that artificial respiration can be provided without delay and it is usually wise actually to start it at that stage. If facilities for measuring the vital capacity are not readily available, it is useful to make the patient take a deep breath and count out loud as long as he can in a single breath. He should be able to count to 60 or 70 and if he cannot reach 20 it is urgent to provide facilities for artificial respiration.
If the patient has pulmonary disease, such as spasmodic asthma, bronchitis and emphysema, or pneumonia, artificial respiration may be life saving. It is indicated ifthe patient loses consciousness from these diseases and possibly also in those whose arterial Po2 falls below 50 mmHg or Pco2 exceeds 70 mmHg, providedand this is no small provisothese measurements can be relied on in the conditions prevailing. In asthma, overwhelming pneumonia in previously healthy lungs, and in acute pulmonary infections superimposed on mild or moderate bronchitis and emphysema the results are encouraging. If, however, there is severe chronic bronchitis and emphysema, the principal trouble may be lack of functioning lung tissue and artificial respiration cannot help this.
Patients with crushed chests combine impairment of function of respiratory muscles with a lesion in the lungs. It is often possible to judge clinically whether or not they can be left to breathe spontaneously but measurement of Po2, Pco2 and pH are valuable (Reid & Baird 1965 , Lloyd et al. 1965 ). If there is doubt, however, artificial respiration should be given. This is a group of increasing importance especially in non-urban areas where high-speed road traffic accidents abound.
Choice ofRespirator
In the last ten years the tank respirator ('iron lung') has become almost extinct. This is because it is now plain that in almost all patients who require artificial respiration there is an indication for tracheostomy, and if a tracheostomy is present the simplest and best method of artificial respiration is by intermittent positive pressure through the tracheostomy tube. In our experience the only patient to whom a tank respirator is useful is the patient who has had poliomyelitis in the past, is left with respiratory weakness and may occasionally need artificial respiration to tide him over a pulmonary infection.
Respirators to provide intermittent positive pressure respiration (IPPR) have been numerous, but relatively few are now in common use. There are various technical features such as duration of inspiration, positive pressure wave forms, and sub-atmospheric pressure during expiration which we have discussed elsewhere (Spalding & Smith 1963) , but here I would like to make a plea that the respirators chosen should be reliable and intelligible to those who will use them. Reliability is especially important. This means buying the right respirator, finding out what servicing is needed and arranging for it to be carried out. It is basic common sense to do these things but as they do not always fit in to ordinary hospital routine they may be nobody's job and therefore be overlooked. The respirator should also be intelligible to the person who is looking after the patient and in most instances this is a nurse who will be expected to become familiar with it in a short time. It should therefore be simple.
Tracheostomy and Tracheostomy Tubes
In the context of artificial respiration the indication for tracheostomy is actual or potential obstruction of the airway. In paralysing diseases this is usually a potential obstruction of the upper airway due to paralysis of the muscles of swallowing and is demonstrated by choking when the patient is given a test swallow. In lung disease it is usually an actual obstruction of the lower airway by pus and especially in chest injuries by blood. As I mentioned earlier, an indication for tracheostomy is almost always present in a patient who requires artificial respiration.
Other problems in connexion with tracheostomy include the technique of operation, the nature and material of the tube, how to connect it to the respirator so that the connexion will come apart at will but in no other circumstances, and how to prevent the tracheostomy tube being dragged on. Mr Wilson will deal with these problems and I will only mention that we welcome high tracheostomies, we welcome the utmost hemostasis and we welcome surgeons who operate at short notice and inconvenient hours.
Level of Ventilation
We normally set the respiratory rate (frequency) of our respirator and adjust the size of each breath, the tidal volume, until the patient just stops making respiratory efforts. This indicates that his Pco2 has been brought down to a satisfactory level. It is a simple procedure, requires no additional apparatus, and can be done quickly in the middle of the night, a time when many patients start artificial respiration. In patients with serious lung disease it may be difficult to raise the tidal volume sufficiently to bring the Pco, down quickly and then it is necessary at first to give sufficient drugs to ensure that the patient's respiratory efforts do not interfere with the artificial respiration. Curare or pethidine with or without promazine are satisfactory.
If there is special cause for anxiety about the level of ventilation the blood gases must be measured. An excellent method of measuring Pco2 is the rebreathing method of Campbell & Howell (1962) in which the patient breathes or is made to breathe in and out of a bag of oxygen by a simple procedure which ensures that at the end the bag contains CO2 in equilibrium with the Pco2 of the patient's mixed venous blood. The gas can then be analysed for CO2 in a simplified Haldane apparatus. This requires no special skill and little special apparatus. In cases of special difficulty, and especially in patients with severe lung disease, measurements of arterial Pco2, Po2 and pH are very helpful but require to be done in a laboratory where they are done routinely.
Care ofthe Lungs
The health of the lungs remains one of the most important factors in the survival of the patient. It is therefore essential that secretions should be aspirated from the bronchial tree whenever they occur, that inspired air should be fully humidified to prevent the secretions from forming crusts, that the physiotherapists should loosen secretions by treatment to the chest about three times daily, and that the patient should be turned from one side to the other every two hours. In addition, however, we have adopted two other procedures which we think have been valuable in reducing lung infection. The first is to treat the tracheostomy with Polybactrin which is put on in aerosol form every hour. We have also found it necessary to apply nystatin eight-hourly to prevent moulds colonizing the area now made bacteria free. It may be argued that this should be dealt with under the heading of 'Care of the Tracheostomy'. I am, however, dealing with it under the heading of 'Care of the Lungs', because the object of the treatment is to prevent the lungs becoming infected, as our bacteriologist, Dr F Bolton, has produced evidence that an infected tracheostomy is a common cause of infection spreading to the lungs. The second measure we have adopted is for the nurses to use disposable polythene gloves whenever they aspirate secretions from the chest or for other reasons touch the tracheostomy. This prevents the patient being infected by the nurse's fingers and, more important, prevents the nurse being contaminated by the patient's bacteria which she may then transfer to another patient.
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Weaning the Patient from Artificial Respiration and from the Tracheostomy There has been little change in our policy about weaning patients from artificial respiration or from tracheostomy. Further experience has fortified our view that weaning should be conducted gradually and no step should be taken until it has been demonstrated that it is safe to take it. In particular it is rarely justified to close a tracheostomy in a patient who is still liable to choke over his saliva or when eating or drinking. In doubtful cases it is helpful to give the patient a coloured substance such as Ribena to drink. If the red colour of Ribena subsequently appears in aspirate from the bronchial tree it is fair warning that the patient is not able to guard the upper airway properly and that if the tracheostomy is closed he may develop an inhalation pneumonia. Tracheostomy is an essential precursor to successful ventilation of a patient, but to appreciate this it is necessary to understand the underlying principles. It is erroneous to think of breathing merely in terms of respiratory rate; the object of respiration is the gaseous interchange of carbon dioxide and oxygen in the alveoli, which means that each breath must be sufficiently deep to take fresh gases into the alveoli and thus depth is more important than rate. At the same time the elimination of carbon dioxide is just as important as the intake of oxygen. The modern way of ensuring this in patients whose natural ventilation is defective is by the use of intermittent positive pressure respiration. The technical details of IPPR machines are outside the scope of this discussion, but there are a number of points about the physiology which should be mentioned.
In this sense the word physiology is misleading, because positive pressure respiration is completely unphysiological for the reason that all the pressures are the wrong way round, there being a positive pressure inside the chest at the end of inspiration instead of the normal negative one.
This reversal of respiratory pressures has an effect upon the cardiovascular system, but sometimes this is overstressed. It is obvious that having an intermittent positive pressure in the chest rather than a negative one will hinder the venous return to the heart. Also, the positive pressure in the alveoli will cause a rise in the pulmonary vascular resistance during inspiration so that the right side of the heart will have to perform more work. Both pulmonary arterial and venous pressures increase with IPPR, but it is within the capabilities of the heart to handle these changes and people are maintained on positive pressure respiration for months, or even years, without going into cardiac failure.
A theoretical objection to IPPR is that the resulting respiratory alkalosis will produce a cerebral vasoconstriction which may be deleterious to the brain; certainly it is known that aneasthetized subjects require less anesthesia if they are overventilated, suggesting that the poor cerebral blood flow may play a part. Against this is the overwhelming clinical evidence that conscious patients can be overventilated for very long periods and their brain function remains normal.
Practical Considerations of Tracheostomy
The type of tube is one for individual preference.
There are a number on the market which conform
